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COMFLETE SPECIFICATION 
Li«htwctghl Armcmr Material 
Wc ^ ApojyT — Gccn.u. CoftP.^noM, a Corpondoa duly ornnxd anl 
^Sli°?SJf*t.^^'^ ihe Scjtc o# Ohicv United Sutcs of Amcna, wnb its 
25?^'°?^ « ^ ^ H Momc, OUifornii, Umied 

Mats oc Aamo, do hereby dcdirc the imrrwion, for which we pray ihai a puox 
my be puted «> ta. and the method b% which it U lo be performed, to be p«ftia»- 5 
lartydcscrfcd maiJdbvihefullowinc ^tarctnent — 
THIS IX\TNT16n rcUie* to h^twci^t armocr 

\irtaJ ararwur ha« loog been onploycd to protect per«>ooel from iniurv re- 
a imng t rom flym fragments and nm^le^ such as bullets and the like. Thts armour, 
nowew, Hiffcn fiom a number of dtsadmxaccv Aletal armour is rm heavy, and 
tt mmiitabic or imicsirablc in many applications where weight is critical, such as 
ujatrcraftand hdicoptcrv Morrorrr, metaJ armour n cxpensirc to fabricate into hrje 
Ukdmplcxpanv Became of the many problems inddeni lo the use of metal armour, 
uerettrftJTC there have been developed various types of lightweight plastic armour 
matcnals. 

In ihc kifcfMu liitlii^ci^jSt pLiM;c ^ohjKU iTUiCfLiii ;hc hisc zzc^tcT b ccs:- 
roonly formed of a plurality of !ibroii% bycrs or mats impregnated with epor>- or 
poly«iCT which ha\T been fornKd into a unitary- lamiraic "by heating the several 

unpregraiod fibrous layer* undtr nrcwire. A maior surface of the laminated base is 
commonly covered with ceramic liK-.. Thc^ liUs arc normailv disposed on the side 
of the lamirnte upon which ih.: bulUi i> intended to impact The purpose of the 
CCTamx: ale is to absorb a substamial ponion of the impaa of the bullet as it strikes 
the armour materul and thereby slow it down so that it may be stopped bv the base 
member. 

The lightweight armour material Jevribed above employing poIve^ter or epoxv 23 
resin as the plastic impregnaiine nuierial in the base member has been found to 
undergo extensive delaminatioi. upon impaa of a bullet. Thus the li^htweipht armour 
plastic maierul previou>|y known vufTers pcrnunent deformation as the result of the 
bullet impaa. Further, as a reM.lt of the dclamination produced, the armour mMcrial is 
subsuntially thickened, i.e.. h.ilped ar the pcint of impaa. This thickening of ihe 30 
armour material is undeMrable m pi.ices where space is limiicd. such as in a helicopter 
hunher. bulgin>; indicates that ihe ban* member has been permanently damaged and 
that the affected area has sutlered K.ss of siruaural intc*;n'ty. For the forccoing 
reasons, the lighfweipht armour plate a% ar present known must ordinarily be com- 
pletely replaced once a bullet has impaaed. The known lightweight armour also posses- 35 
ses poor resistance to handlinu and vibration damnge. 

We have row found rhai the problem of delamirjtion in lightweight armour 
piatc upon the impaa of a bulla mav be substamiailv avoided bv empIovinR as the 
impregnating material for ihc base member, a composition comprising a mix tuic of 
[Pncc 4f 6 J.] 
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>^ ol faigli UHJUT puikkt ■«< ^ 

"■"rTSSf-i'taSiSAS^ be B«r dt-rtf 

the f n fr— T -B deailcd dexripuoa with refuuw vi ihe Liia^jui 
'nriBMj««wg>g*"'|i"'' "Vjg;fgi;_^ i. dn«|, « b tD be 

i; rStY^iTni-n . worm fabric H«e«l >«.. J-^^JSJjS^.^ 
or l£t5r;^^«iScmi n. the of d« 

12. The tile* MS finnly »ahcrrf » base ipnnber U. ( tmoo ana 

of one of the cctibuc til« wiih »n idi»oc« tile, 'j*^^/^^^ ^ Aelike. b 
to .void the tnn«i.«K.n of shock from on^Or «'^-«« «^ br «> 

material cofnpn«ng the »'^'^'»<^"\V„*^>*^" a» avbcstov may be ined. 

K of .he mcmb.-r a pluralUy of .ilcv In this prcKcv .he rc»m mcd.um coc- 
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prnc t > hy h mn t mihr vdgfa; cmbfe rfattomcr and a onfaSe icsiircaafMtMe tboc* 
vlttch n an cpoiy roia a arq-fomakkhydc Rsa. % mrhminr formihVfiyde. 

fCMB or ■ ph c w ol fafUMlldthydC RSULi 

As n appvuft'Cran the dnwtog and the above Jualpdi M V n> nx^ tbc annov 
naterkl b pn iiri o ncd » tliat the boUct or pcofccdk hoga^ oa the ade <d tte 



araonr mueml whadi cams the wo fabric Upon mmact the tife poBOooed 
"gnri ii nriy bdov the poim Of ioapaa sbanEiribn abaovbcne a ponioo 
of t he iinco c cng|y o€ the baDc^ widi dw cm jljhm fabric l O^tg ygg to matia 

diregoo froai which die brflct imfira t TSTBoUtt d>en ebflaMmjo ba»e poriber 
p ^^h«^ « HMMu obg iLtoait cnapr it spenc Bccaoae ol die jauuax of die 
■ "P "R' »' > ^ PP Wri i K die base mcm b t^ is cspablc of iimWipMi ig imyaiy defanna- 
tioo opoQ oMCaa vidb die boDct, ab sm b ioK the ODctic cacrgy and dica teoMmog 
P gs ogggal dMiu ituthiA aad shape mghoct i 



it caa beocca th^ i 

the tfle and cxmetio^ 



t aherataoa oi the base raembcr. In thb 
pbte of thb iavcauoa caa be rc-oscd meH by 

^ .^P^ V pbcaol-fannalddijde wiib aa cfastooieric^ fa^ 
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Typical of suitable cpoxy resoB are 



whcfcia «t b zero or an integer of firona I to aboct 50. As can be seca firoia the 
abofvc ccpmioo, die cpoxy resin iDiBtrarcd above arc the pu ty gl y ^jd yt ethers of 2^4* 
hji dioiyp b m yO propane The cpa»y- rem^ ciup l oytd in the tmprcsnatioo proom 
of thb iovcntioo coataim ooc or more wcH-fawvn epoxy coring a|ecats soch as 
hcxafaydrophthatkc anhytlridc, methyl nadic a u h ydiidc^ benzykhm a h yUB unc, 
Mconic anfaydriJc, or ctbyicnr diamine. > 

Prcfcsrcd cpoxy minr for use in thb iuwmii. ' u tndode the material sold by 
Shell Chemical Company under the tradename of Epoo 828. Thb liqQid cpoxy resin 
has a molecular wri|tbt of about 400 and a Tiscostr tt 25^C within the ran^ of from 
about SXJOO to \SXX30 ccmipoiac. Another p rcf oi c d cpoxy min b the naatmal sold by 
Dow Chemicsl Company under the name DER 352. Thb iiquid cpoxy resin has 
molecular wd^ of about 340 to 350, and a Ttscoaity at 2SFC of from aboot 3,600 
to 6^400 ocmipoise. 

Suiublc pte»l-a)dchydc rcsim indudc dioac hsTing die generic formob : 
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35 



40 



45 



wherein m n sr. imcircr of from 1 lo jbouc 50. Urea- formaldehyde and mebmine- 
formakkh>tie resins may atM> be employed The phenoJic rcuos of thb utrenooo mJT 
corns in snalj cffcvtirc amounis of curing agents such as hexamethylenetetranune. 

In general from about 50 xo about 90 pans of ihe phenolic or epoxy nutcriai 
are used per 100 parts of the high molecular weight, cLaMomeric, chemically curable 
material. 

Tv-picsl of the high n>olccuiar weight, curable eUuomen which mar be used in 
this invention arc the acnilonitrile-butadiene copct>^mers which^OMtsist cssembUr of 
the following two repeating units : " 
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-^H_^ic|_. *nd _|^rt-CM - CM-CM- _ 
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_^ hlSlMl 

V*" 20 to- 40 proar br -# 

is*- "ii^ «l»»»in^T?3^55^"'..^^ « of the .OT. 
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or rtifli n n 

rdbbcrt' P*'i*cuhrly vrrnblc 

•""^•ene dibocranije- 
J«f»a»«hvlfne diuicrtmce; 

dcatncthrlcac dmocyaawe: 

"'^J^^lene dibocramte- 
"- ^ettrh ae dibocniatr;' 
ij^pntnrlcne diuocvaraic.- 

^.4-rohlc-nc diiw^mtf. 
AVtolyJcw diisocrin,,,.: 
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(1) Aftaoe diob haring a diaia teog^ ot from 2 to 20 anbea maam mdofive. 
soch as: 

tetramethyfcne glycol; 

9 bczamcthylax glycol; and 5 

d ccam c aijk ne glyool; - 

(2) Cydoalktae diob» sudm: 

cyck»aiitiie-13-<i>ol; 
c ycJu bu u iKsl3-diol; and 

(3) AxQOBacicdiob,sudias: 

ICJMUIMl l; 

- 2-iixttiy|.13.npfadMkiK&l; 
2A<olDaKdiol; 

15 ZTfTfcnt-i;4^; 15 

xyfylcie.13^; 

2-€diy)-l.pfacoTl>MnttiK-:,2KU and 
2,2-d<4- hydicu|ybuijl ) propane. 

Ot fag dfli y Jimy^ nmpmni i h aiittble for the p oly ia ctfaanc fobbew far tac m the 
9 . annow of tfab uivcnooQ are poly oius sodi as thoK obcainrd fttxa the rcaoiao o# a 20 
dihytA alcohol SDcfa as 

mciUjiluK glycol with a d w:ai b uAyfa c add soch as sDcdnic aodt ^lipic add, scbodc add 
and related r o ntpi wi ufi . The p o ly cueis mosc aonahle far pmpo a u ol thb m- »in 
arcthoachaTOgatPolecularw cigfatfr ^ 
25 ^^Jr^ abo««^iaenrio«xl polyotcrs can be pi e pai c U from mu i afeJ or omatintcd 25 
dihydnc afcohob and saturated or omanntcd diauboxyiic adds. The tzmnJ f*«*~r 
ci making sntablc polyntcn is <o reaa a miztnre o# an onaturmtcd dicarbaxriic 
a dd or anhydride and a saturated or aromitic dk ai baiy li c add or aidiydride wkh a 
dihyxlric aloohol. Examples of oantwatcd dicaibaxyHc adds which can be q n ploT td 
50 »- malcicadd^fianaricaddanddiTaGOiBcadd. 
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In addmoff to ihe pofpsters, pohrcthers soch as poly ttfa j ku e ether ictrcnb, poly, 
propjricne ether ghrcoh, polytetramethylcne ether glycnh, other polymlMcne ether 
gtycob, and mixtures or copol ymu s thereof hairing wn^^ ^^ Ml wti^n of frtMs abooi 
400 to about 10^ can be otiHzed as daiydnny rcaoancs of the polytimhane used in 
this mrmnocL. 

It win be apprecntcd by thoiK sldDed in die an that mixtures of szitabie 
p^yhydrorr *nd/or pohisocyvate c nmpwimis cut be ovd to prepare polyurethaoe 
rubbers for use m the impregnating median, if desired. A great rarietr »nd number 
of pohiuoctioaai organic compounds wiD serve as cxoss-lixddiv agextts for the poiy- 
urcthanc rubber uiicful in this imrmioo. For cxan^, compounds with ihree more 40 
groups CDotauucg rcactire hydrogen which are capable of polTroerintioo With tso- 
cT^nam can he cmpkncd. The aoM^IinAiag agem cf this immrioQ can be atuntcd 
or urwaruTjicd: ahphjiic or jromjtic; open or cknexl chain 

ExunpWvof cnmp<x;rxJx »hivh arc particuUrhr suitable to cure, ic, cnw-Iink. ihc 
pobrureihancs arc gJvccroi monoricinoleate; gtrcml triridno4cate ; 1 ^ J^hexanctrioJ 4) 
n«thylenc his (orthochloroaniline); m ooohj dimy ethvl trihydroxypcop* I ethylencdi- 
anunc; pohrarrl polTi30c>aaMcs; pcmacr j i ih i ii Upiup^ k uc oxide sdduas; N^i'^T* 
ictrxkis (2.hydroxrprop%n eth> lencdiamine; triethsnolimine: trimcthyiolproptoe ; and 
triisoo-amrck such %\ tohjenr-2.4^mzsocyamtr. 

Thru, pol^^arthancs msT, optiooalhr, ooocain carboo-to-cxxbon umaturatioa, as is 50 
indicated aborc. This uR^a(untlon may be present either aiong the main polymer back- 
bone, or m side chams. Suitable polyurethanes containing side chain umaturation 
mcJude tSo-ie described in I'mtcd States Patent No. iuucd Oocxobcr 1 



1957 Thric naicTials arc c^irabie, using the norma: potydioWfin rubber cur.tiTri 
55 knovn to ihoic \i:iltc\i in the an. 

Other opcwnal ingredient* mar be used in the resin medium vjch as mould release 
afcniv I.e. «cahc acid, ar^ hre rctardam materials such is amimoor trioxhle 
tncTcsyl phosphate aod chlotinatcd wax The roouid rcica^c a(tcmv if prr^r:, are 
used in an amcum from ahoui 1 to about 5 pans by weight JOO p*n» of ^hc 
60 material; and the tux mardam materials are used in an amoum from about 

20 to about 50 pans by weirht to 100 pans of the eiastomcric material. 

In a preferred embodiment of this inrentioo, about 20 to about 40 pans of fire 
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per 100 psm ol dftttomcric amcml m med to the b 
A fire restsom bate 11. An anooo 
ttjy HWMdi^ The five 
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the bwiiKmbcr 13 adf-Gomci 

Oibcr aJJfci f o aaj be cm p toy c J ta tbe icbb mrrfwiin to 
5 pciccoi by tfidoding 

cvboo black, nlchu ctfbootte ud du dww i <lio B pd c » snd 
I such as puiolnBp otb and pine tar rcsiDi. 
Tht median ncd ttT 
iBCECm of cpOEzy or p l>co D lic fcsis and dusomcr to^ctfacr with a snaD aiinwuK d i 

aCcM in a nicest; or the addhiooaJ tngredients mcntioQed above may be | 
Prefcnbly, akhoiaeh ooc aecnaahlr* the soiid materials for- the icsio 
fini thwouKh ty blended imo a tnattobatch oo a rubber mill ax room tcmperanve 
prior to bexDg added to the loKuc In this manner -a bomofeoeoos fcsin mcriiuni 
B moss ezpeditvuily provided. 

The ream gwt' . nan Aoold hrrc a v hcoait y of las than abour 2Oij00O c riyi po hr « 
23^ and preferably in the ran^ from 50 ctn tip o ce to aboqc 1500 a la itx a w at 25^ 
Tbe rado of qving a^cm to cpoxy or phenoUc resin pins cUuwnci may be varied 
over a wide ran^ Tbe curing a^cnc should alWays be presem in an ^■■xmhi* effeccnre 
to sabstanriaDy uaup l cuJy cure the cpoxy or phenolic resin and the elasmi 
mallyt the weight ratio of curing agent to cpoxy or phenolic pins dasBooser 
the range from about 1/1 to about 1/100. 

The amount of nhrcni in the medium should be from about Ql5 



to 

40 times the total weight of cpoxy or phenolic plus the clmiai m, curatives and other 
additivci^ Tbe choice of sohncnt b oot crhical and any suhwanrt aPy inert volatile 
material io which the cpoxy or phenolic resin and the dastomcr are at lean partially 
mUbie may be urilizrd. iUustratfTc ol suitable sotrcnts are the tftonn such as 
acetone and methyl ethyl ketone, and the bydrocarboos such as benatu e and butane. 

The cpoxv or phenolic rrvin and the cbsiocncr in the impregnating medium nndt 
be substamialty uncurcd. A her Jippine the individixal layers of fibrous material io 
the medium any excess prcaciu is removed, for example, by pavung the layers bcrween 
roQers^ The indrridual tmpregnaicd U\-ers are usually from aboitf 10 to about 100 
mils thick, and are stacked to the desired number ciid then heated, preferably in a 
mould or press, at a temperature of from about 15(PF to about 500°F and^t a pres- 
iure of from 10 to about 20jOOO p*ic to essentially completely cure the cpoxy or 
phenolic and the eiasiomcr. 

The curing process may require from abotit 0.1 hours (o about 10 dayv depeod- 
irac on the composition of the resin medium, and the cure temperature and pressure. 
The cured lamuute contains from about 20 to about 75 p ercent by weight of cured 
resin and elastocner. 

The cured unitary laminated base material 1 3 thus obtained is^ sanded smooth 
on one maior side, if required, and then ihc ceramic tiles 11 are adhesively applied 
thereto. The tiles may be any size or shape, and while only squares are shown in the 
drawings, rectangles, hexagons, triangles etc. may be used. Preferably the tiles 
are square, about ft inches on a side and from 0.05 to about 0.5 inches thick. Com- 
mercially available adhestves such as epoxy resins nuy be used to adhere the tile to 
the base. Over the layer of tiles is then applied the woven fabric 10. This material is 
also held in place by adhesive. The adhesive layer bcrween base 13 and tiles 11, 
and berwcen the tiles and fabric 10 is erpixmcly rhin, and this is not shown in the 
drawings. 

The following example illusuaics the manu/acmrc of the armour material of this 
invemion. This example i^ presented solely for purposes of illustration and should 
not be regarded a$ limiting the invention. In the example, the parts are by weight 
unless otherwise indicated. 

HXA.MPI.E I 

On a waicr-coolcd lubber mill operated at room lempcrarure, is combined over 
a period of abo.it 10 minutes. 100 parts of a solid acrvlonirrilc-butadiene copolvmer 
rHYC\R (Registered Trade Marki Resin 1052. manufactured hy B. F. Goodrich\ 
90 pans of a dty powdered phenol-ft>rnialdchyJc resin (Phenolic Resin 12687» manu- 
factured by Durez). 5.0 parts zinc oxide, 1.5 parts sulfur. 1.5 parts benzothiazole di- 
sulfide, arid 1.5 parts stearic acid. After this material had been thoroughly mixed info 
a nrustcrbatch, 100 parts of the material are cdmhineJ with 200 parts of methyl 
ethyl ketone solvent. The m.isierhatch composition readily dissolves in the solvent. 
Sheets »f fibre glass fabric having a ihielcncss of ahdui 22 mils arc then dipped into this 



to 



15 



20 



25 



V) 



35 



40 



49 



50 



35 



60 



145WI 



7 



I aadifccn ifac 4pped fibric s pnnd bcnpecn two loOcn ta order » meae ' 
dcem Thb ifippiac «ad iqiMcrinp proem t» cpnanped vadk •booL 46.ptt' 
t bf wogte of the snprcpMcd ftea hinc h oade 19 o# wliA resn cocpoadaop 
•» ttaiued • tfaidEnea of abom 30 mils, 24 byos ol the id- 

and 1000 PSL Tic cored sack b tbca icinimd bmn the moold tad ••MH — 
oa ooe ade^ To tfae nooch side b then odbcsmlT booded 36 maaac tiks, exb die 
6 inches on a sidcL Than a ifaia orloo doch is adbcsMr boodcd to the 
ccmme tile s«£ace. The ooamxsaal adheaifc c mp toy td lor thb pvpose has tie 

10 foOtmiDC cnmpwitioo: 100 para of pdy gl y ol yi ether of 2;2(4-hy diUA|uhm y n pro- 10 
paae; U5 para of po^rnlfide rubber; 10 para of loo^ Oire asbestos; 
and 10 pa m of aa amme cwinK aceat. The farcgocnK adhesive effeoivciy 
bonds the ooaanc to the base mcnbcr and the orioo doth to the ceramic 
soriace at room Kmpcratore. 

15 . The armcw pine prepared in a c cor dance with Example I was tested agaimi 15 

. a 30 caltee profcaile at a dinancc of tea yards at »o decrees obliqoity. In dtese 
teao, the m ax pbtc of this inrentioo was tested a^aion two other annov phtes 
vmca were rirrricil in all r e sp c os except that the ioj p ieyj niing material in the base 
wa^ la the one case, cpootf resin withottt any high molrmhr weight iUumu c iil 

20 nvtcral added, and in the other one. poivcster resin. Tlv results are sa 30 
Table I below. 



Table I 



Area of df lafnimtilh 
smn^irtdmg point of impact 



25 Aii^m^it plate of this mrcntion 

Armcrar plate cortfaiouy epoxy 

impregnating material S inches in duxncrcr 

Annom- pbte containing polyester 

imprcsnitcd material 7 inches in diameter 

30 As an be seen from the foregoing dau the armour plate of che present inrentioo 30 

15 subsaratally superior to the known armour pbte of the prior art in overcoming the, 
problem of dctanuraiion. 

Unlike the armour pUie of the prior art, the material we have invented may be 
re-used simply b>- rcpUdng ihc shanered ceramic tile on the surface of ihc base 

35 member and patching the overlying fabric As the foregoing data show, the strucruraJ 35 
imegriry of the base member is not permanently altered by the impaa of the bullet. 

There follows additional master batch formulatioos which also , may be dis- 
solved in a sohrcm and used to impregnate the fibrous layers used in preparing the base 
member of this invention in the manner described in Example 1. 

^ • Example II 40 

Ingredients Parts by Weight 

Acr>-IonicriIc-butadcnc copo!3rmcr 100.0 

Phenol-formaldehyde resin 50.0 

Zinc oxide 5.0 

^ Sulfur .-1.5 45 

Bcnzothiazolc disulfide 1.5 

Stearic add 1.5 

TricrcT>*I phosphate 30.0 

Example III 

50 Ingredients Pans by Weight 90 

Acr>lonirrilc-butadicne copolymer IfiO.O 

EpoTV resin ''Fpon «28'l 50.0 

Zinc oxide 5 0 

Sulfur *1.5 

55 Bcnzoihiizolc disulfide 1.5 55 

Stearic acid 1.5 

Tricrcsyl phosphate 30.0 



60 



It should be understood thai many variations of the foregoing formulations and 
techniques arc possible. One preferred technique that has been found to be advan- 
tageous is ro prepare a very dilute resin medium containing about 1 part of masrcr- 60 
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10 pcstt of flBcdkyl cAyt hiiiift i fipp i m Ik, flbraos iBfCPi^iii 

, to " »20 'igctoefl^rf ^ ol ih e fabric ii nude 

op of icsiD; sod thgcaftcg c i w i fwiBg the fncwpnnri o n of ifac bthnoc rf the iciio Bp w 

inwicfbotcfa per two puu of UKifayt dfajl tainm* 

We fasfc abo tand tte the bat ranks ire obcoincd «ba abooc 90 pm of 
phcDoHonBoidtLjde oc tpotxf fcsiB ore cw pl n yBd per 100 puu of die hsf^ i 



weight draonxric mxtcrtaJ to the 
provided to pRTcnc 
ripd to bo taefol OS o sDQctml or 



WHAT WE CLAIM IS:-* 
1. A liftbi o uftht^ 
bosc mcnihf r ccnipnss( o plu r i hfy of 
OfwwhfTt the l^m beia^ nbattooofly 
•dapved to be otxwndfy ditpoiKd sod 
p ul jiUBk. GDoapositiao cminiaK a 
uftA-foc iittldehyde rcstnii 
vidi oo ftivn i wr 




(i) a oniwy limin o Hd 
fdofoffcin^. lij f ti* 10 
to the wfocQ- of the bi 
mbfdflrrt hi a tootle cored, ; 
of a icsQ fldecsBd fron cpo^ ; 
UM uimuLHWnniKK uyuc. iein» mm ihk um i wiMwi uuiyuL 
tfaoevtthv the Had i rtflinK poiyncnc i 



lion bonding said phoahty of fibroos l ei a foff oag laycn t oge th er io a \ 
lOiperTioos suuuu ic wfakh is htghljr .resinanc to ' ' 
hminate layers cpoo bring nnpactcd by a high energy paxtidey said tmittfy ^ 
im p a f jous strooure being capable of und ergo ing t a ap oK ny def or mauo o opob the 
imptfT of the high energy part)de« absorbing bnctic energy frooa the panide« and le- 
mming to io ordinal arte, and (iQ a phzrality of tiles adherently affixed oo one maior 
surface of the base member. 

Z. A lightweight annoiff material as daimed in daim l»'whercxfi said claw o nyr 
B sckctcd from . acryiomtrilc-bucadicne uJtio < |ums and polynrcthaiae rubben. 

3. A ligbcu'cight armour material as ciaimcd in d a a n 2j wbcrcm said rcsalicm, 
pol y meric coaiposition comprises an a uyi o oiui lc4aiadiene efa«omcr uiyu l j/iu a and 
a cooipatibtc phrool-formaJdchydc rcstn. 

4. A lighrvcight armour materia] as daimed in any prcc=ding daim, wfaerdo 
said tiles comprises a layer of cnergy-dissipatixig dcmma for absorbing a pfvganrial 
portion of the ticpaa of a high energy partideu 

5. A ligihnirci^t armour materia] as daimed in any preceding daim, wherein 
said lilcs arc separated from each other by, and have disposed along ihcir Uicral 
s^irfacrx, solid vhock absorbent material. 

6. A lighiu'cighi armour maicrial as claimed in any preceding; vUiiu, lunhei 
including a layer of thin wo%xn fabric material providing a spall shield adhered to 
and covering the outer surface of said tiles. 

7. A lightweight armour tnaccrial as daimed in any p receding claim, wherein 
said resilient polymeric composition comprises by weight from 50 to 90 pans of 
the resin per 100 parts of the elastomer. 

8. A lightweight armour matrra! as claimed in daim 7, wherein said resin 
aixi said elastomer comprise 20 — 75 by wdght of said base member. 

9. A lightweight armour material as claimed in any preceding claim, wherein 
said resilient polymeric composition further indudes a fire retardam material such 
that said unitary composite impervious suuaure is highly resistant to combustion so as 
to be self-extinguishing upon being impaacd by a high cttergy partide of an incendiary 
nature. 

10. A lightweight armour material as claimed in daim 9, wherein said resilient 
polymeric composition comprises by weight from 50 to 90 parts of said resin» 
and from 20 lo 50 parts of snid lire rctardant material per 100 parts of said elastomer. 

11. A lighrwciehi arnvnir material as claimed in any preceding claim, wherein 
said plurality of fibrous reinforcing layers comprise fiber glass fabrics in latnir^ re- 
lationship to one another. 
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